T he consequences of physical inactivity are an important public health problem, 6 with reduced well-being for the individual and high societal costs. 29 The scientific evidence for numerous health benefits of exercise is indisputable, and engaging in physical activity can delay all-cause mortality in many patients. 18 People suffering from musculoskeletal conditions (MSCs) tend to be less physically active and more deconditioned than healthy controls. 16, 23, 43 Thus, physiotherapists treating patients with MSCs in outpatient clinics should include an individually tailored exercise program in the treatment plan for these patients. For optimal health benefits, it is important that exercise programs are in accordance with current recommendations. For older adults and adults with chronic conditions, the American College of Sports Medicine recommends a focus on physical activity that may improve health-related physical fitness. 38 Physical fitness is defined as the characteristics related to the ability to perform physical activity, 11 and the health-related components are cardiorespiratory endurance, muscle strength, flexibility, and body composition. 2, 11 Measuring and monitoring patients' health-related physical fitness are important for patients, clinicians, and health authorities. For this purpose, physiotherapists need measurement tools with acceptable measurement properties. To be clinically feasible, these tools must be readily available and easy to perform, require no or only portable equipment, T T STUDY DESIGN: A cross-sectional study with a test-retest design.
T T OBJECTIVES:
To assess measurement properties of the physical fitness questionnaire, the 6-minute walk test, the stair test, the hand-grip test, the 30-second sit-to-stand test, and the fingertip-to-floor test in patients with various musculoskeletal conditions (MSCs).
T T BACKGROUND: Patients suffering from MSCs
tend to be more deconditioned and less physically active than healthy people. Physiotherapists should, therefore, focus on health-related physical fitness in addition to their patients' specific MSCs to offer optimal treatment. To enable good decision making, a core set of feasible measures with acceptable measurement properties is needed.
T T METHODS: Eighty-one patients with MSCs
(57.6  14.2 years of age) were recruited from outpatient physiotherapy clinics. Relative reliability was analyzed with intraclass correlation coefficient model 2,1, and absolute reliability with standard error of measurement and smallest detectable change. Construct validity was assessed with a priori hypotheses. Time spent and assistance needed to accomplish the measures were used to assess feasibility. T T RESULTS: The 6-minute walk test, the hand-grip test, and the physical fitness questionnaire showed acceptable reliability (49 m, 4 kg, and 2 points, respectively) and construct validity. The stair test showed acceptable reliability (8 seconds) but not validity. The 30-second sit-to-stand test showed acceptable validity but not reliability (4 sit-tostands), whereas the fingertip-to-floor test showed neither acceptable reliability (9 cm) nor validity. and be time efficient. 4 Clinical field tests to evaluate physical performance can be used for this purpose. 2 Though clinical field tests are less accurate and less specific than laboratory-based tests, they may be applicable for measuring the different aspects of health-related physical fitness. In addition, to enable good clinical decision making, it has been argued that information about both what patients can do and what they perceive they can do is needed, 4, 48 emphasizing the use of patient-reported instruments as well.
Several studies have shown that clinical field tests and patient-reported measures can be used to reflect different aspects of health-related physical fitness. These tests include the 6-minute walk test (6MWT) 10, 28 and the stair test (ST) 12, 34 (reflecting cardiorespiratory endurance), the 30-second sit-to-stand test (30sSTS) 5, 32 and the hand-grip test 9, 42 (reflecting muscle strength), the fingertip-to-floor test (FTF) 41 (reflecting flexibility), and the physical fitness questionnaire 49 (capturing the patients' perspectives regarding their physical fitness level).
Validity and reliability of these instruments have been investigated, but estimates of reliability have only been reported in some specific subgroups of patients with MSCs 20, 22, 30, 33, 47, 52 and validity has been evaluated mainly in patients with other diagnoses. 5, 9, 10, 12, 28, 32, 34, 41, 42 Patients seen by physiotherapists in outpatient clinics vary in terms of diagnosis and disease severity, and instruments for measuring physical fitness must, therefore, be applicable across diagnostic groups, age, gender, and physical fitness levels. The aim of this study was to examine reliability, validity, and feasibility of a core set of clinical field tests and a patient-reported measure reflecting health-related physical fitness in patients with a variety of MSCs.
METHODS

Design and Participants
T his cross-sectional study with a test-retest design is part of FYS-IOPRIM, a large-scale research program conducting methodological and clinical physiotherapy research in primary health care. The program comprises researchers from different research centers working in close collaboration with experienced physiotherapists from 6 different outpatient clinics in Norway.
Eighty-one patients between 20 and 90 years of age with MSCs were recruited from the outpatient physiotherapy clinics and tested on 2 occasions 1 week apart. The patient-reported measure was answered before the clinical field tests and laboratory-based tests were completed, and a standardized test protocol including verbal instructions was used at both test and retest times.
Selection of Measures
Relevant clinical field tests were identified through a literature search and thoroughly discussed in the group of researchers and experienced clinicians. Through an informal consensus process, researchers and clinicians decided on a core set of field tests reflecting the different aspects of health-related physical fitness. Further, a questionnaire asking for the patient's perceived physical fitness (aerobic capacity, muscle strength, and flexibility) was added to the core set. Well-established laboratory-based tests measuring muscle strength and aerobic capacity were selected for validation purposes.
All participants answered a set of sociodemographic questions about age, gender, employment status, occupation, main complaint, and duration of complaints. Body composition was measured by body weight and height and presented as body mass index (kg/m 2 ). Physical activity level was measured by the International Physical Activity Questionnaire short form (IPAQ short), 13 consisting of 7 questions asking about the time spent in vigorous-and moderate-intensity activities, in walking, and in sedentary activity. The results were transformed into metabolic equivalent task (minutes per week) scores and categorized into low, moderate, and high levels of participation in physical activity, according to the guidelines for the IPAQ short (www.ipaq.ki.se).
Patient-Reported Measures
A revised version of the physical fitness questionnaire 49 that included 4 items (aerobic fitness, muscle strength, flexibility, and balance) to be answered on a 9-point numeric rating scale, anchored with 1 as poor and 9 as good and with an illustration at either end, was used. In scoring the different items, the participants were instructed to compare themselves to others of the same age and gender, with a middle score of 5 constituting "normality." The balance item will not be investigated in this article, as balance is not a part of the health-related physical fitness construct. 11
Clinical Field Tests
The 6MWT has been described as an inexpensive and simple walking test that can be used as a predictor of aerobic fitness. 10 The 6MWT was conducted according to the American Thoracic Society guidelines. 3 Participants were instructed to walk as fast as possible back and forth between 2 cones (18 m apart) on a flat, hard surface for 6 minutes, and the walking distance was measured in meters. After the test, the patient's heart rate was recorded with a heart-rate monitor (Polar Electro Oy, Kempele, Finland), and perceived exertion was measured with the Borg rating of perceived exertion (15-point scale, ranging from 6 to 20, with 6 as very, very light and 20 as very, very hard). 45 The ST has been performed in several different ways 12, 34 and is referred to as a test of submaximal aerobic capacity. 12 A revised version, in which participants were instructed to ascend and descend 50 standard-sized steps with 3 landings in between as quickly as possible, was used. Participants were allowed to run and could use the banisters if necessary, but were not allowed to skip any step. Results were measured in seconds and heart rate was recorded after the test (Polar Electro Oy).
[ research report ]
The hand-grip test is a simple method of assessing muscle strength. 42 In the present study, grip strength was measured using the Baseline dynamometer (Fabrication Enterprises, White Plains, NY). The participants were seated with their arm alongside the trunk and elbow in 90° of flexion. The dynamometer has 5 handle positions, and the second position was used for all participants. 21 The mean value (in kilograms) of the 2 trials was used to analyze the right and left hands, with the dominant hand measured first.
The 30sSTS is described as a test measuring lower extremity strength. 5, 32 The participants were instructed to complete as many full stands as possible during 30 seconds, starting from a seated position with arms folded across the chest. 32 A chair of standard height was used and the number of full stands was recorded.
The FTF test has been described as a measure of flexibility of the spine, pelvic girdle, and hamstrings. 41 The test was performed with participants standing on a stool. They were instructed to reach as far as possible with their fingertips toward the floor, with knees fully extended. 19 The results were measured in centimeters (negative values reflecting an inability to reach the stool and positive values reflecting the ability to reach beyond the level of the stool).
Laboratory-Based Tests
Isokinetic muscle strength of the quadriceps and hamstrings muscles was tested bilaterally using the CYBEX 6000 isokinetic dynamometer (Computer Sports Medicine Inc, Stoughton, MA). The test protocol consisted of 5 repetitions at a velocity of 60°/s (muscle strength) and 30 repetitions at a velocity of 240°/s (muscle endurance), with a 1-minute rest between tests. 24 A moderate to good test-retest correlation (r = 0.60-0.83) has been shown for both sides and speeds in sports students. 25 Only results from the right quadriceps muscle were reported.
The Åstrand submaximal cycle ergometer test was developed as a test to predict cardiorespiratory fitness by indirectly calculating maximal oxygen uptake (VO2 max ). The 6-minute submaximal cycle ergometer test was performed at a standardized working rate, with a steady-state heart rate between 120 and 170 beats per minute required at the end of the work stage. 2 VO2 max was estimated using Åstrand's nomogram, and results for patients older than 65 years were extended from the same formula. The test has been referred to as a reliable, valid, and feasible instrument for calculating VO2 max in patients with nonspecific low back pain 23 and stroke. 35 
Statistical Analyses and Hypotheses
The data were analyzed using SPSS Statistics 20 (IBM Corporation, Armonk, NY). The results were presented as mean  SD if normally distributed, or median and interquartile range (25th-75th quartile) if skewed. Predicted maximal heart rate was estimated using the formula 211 -0.64 × age. 39 Reliability A paired t test was used to assess the mean difference between test Physical Fitness Questionnaire Clinical Field Tests and retest. An intraclass correlation coefficient (ICC 2,1 ) was used to assess relative reliability, and standard error of measurement (SEM) and smallest detectable change (SDC) were used to analyze absolute reliability (measurement error). ICC 2,1 and SEM agreement were used to account for the systematic difference between the first and second tests, 14 and a 90% confidence interval was used when reporting SDC 90% . 20, 33, 46 SEM was estimated from a 2-way random analysis of variance and, based on this, the SDC 90% was estimated (SDC 90% = 1.64 × 2 × SEM agreement ). 14 ICC 2,1 of 0.70 or greater was considered acceptable. 50 The relationships between the mean scores of the 2 tests and the mean difference between test and retest are illustrated in scatter plots with 90% limits of agreement. 1 The mean of the test and retest (x-axis) was divided into quartiles, and the variance across the scale (y-axis) was examined using a 1-way analysis of variance 1 with a Brown-Forsythe test (heteroscedasticity assumed if P<.05). Validity Construct validity was inves-tigated with a priori hypotheses (TABLE 1). Hypotheses of convergent and divergent validity were formulated to address the associations between aspects of the health-related physical fitness and laboratory-based tests, clinical field tests, and the patient-reported measure (FIGURE 1). It was hypothesized that there would be a moderate correlation (0.4 or greater) between measures reflecting corresponding constructs (convergent validity) and a low correlation (0.4 or less) between measures reflecting noncorresponding constructs (divergent validity) (hypotheses 1-4). The responses on the physical fitness questionnaire were adjusted for age and gender, and for analytical purposes, and similar adjustments were made to the data from the clinical field tests. A sample of 370 healthy adults from 18 to 90 years of age was used to estimate the performance, adjusted for age and gender (data in progress). The difference between this estimated performance and the performance of study participants on the clinical field tests was used in the correlation analyses. The heart response is important in aerobic capacity testing, thus moderate correlations (0.4 or greater) were hypothesized between the heart rate and the distance walked in 6 minutes and the time used to complete the ST, respectively (hypothesis 5). Pearson or Spearman correlation coefficients were used, depending on the distribution of the scores.
The physical fitness level of an individual is primarily determined by physical activity patterns. 7 Therefore, it was hypothesized that patients reporting high levels of physical activity, according to the IPAQ categorization (www.ipaq. ki.se), would score themselves as significantly more fit on the patient-reported measure and perform significantly better on the field tests than those who reported moderate or low levels of physical activity (hypothesis 6). Values of P<.05 were considered to be statistically significant. The measures were considered to have acceptable construct validity if 2 of 3 (66%) of the hypotheses were confirmed. Feasibility Feasibility is defined as the burden in time and resources required [ research report ] by the physiotherapist to collect the data. 17 Feasibility was measured in time (minutes) used to complete the different measures (standardized instructions included), as well as the percentage of participants needing assistance to answer the physical fitness questionnaire. With no existing criteria, we considered the measures to be feasible if the total time did not exceed a standard physiotherapy session (30 minutes) and fewer than 1 of 3 patients (33%) needed assistance in completing the patient-reported measure. All participants were included in the analyses of validity and feasibility (n = 81). The different analyses have some missing values, due either to missing registration (FTF; n = 18) or equipment failure (Åstrand cycle ergometer test; n = 9). The IPAQ short responses from 6 patients were removed due to guideline exclusion criteria (www.ipaq.ki.se).
The participants rated their change in physical fitness from test to retest on a 7-point global rating scale, ranging from much worse to much better. While test-retest reliability preferably should be assessed in a stable population, 15 only participants rating themselves as unchanged were included in the analyses of reliability (n = 55).
Ethical Considerations
The participants gave their written consent before participation. Ethical approval was given by the Regional Ethical Committee in Norway. The requirements of the tests in this study were considered activities of daily living that were not of any danger to the participants.
RESULTS
D
emographic data are presented in 
Reliability
Relative and absolute reliability values calculated for the unchanged patient group are shown in 2C) shows an increase in measurement error with increasing number of sit-to-stands (Brown-Forsythe test, P = .02). In contrast, the variation in the mean difference between test and retest of the other measures was assumed to be equal across the scale (Brown-Forsythe test, P = .08-.87). The absolute reliability for the FTF test was almost 9 cm (TABLE 4), but 1 participant accounted for almost half of the measurement error in this in-strument. With the data from that participant removed from the analysis, the SDC 90% was reduced to 5.3 cm.
The physical fitness questionnaire showed acceptable relative reliability (ICC 2,1 >0.7). A 2-point change for all items was required to be 90% certain that a true change occurred (TABLE 4). No significant improvement from test to retest was found for any of the items.
Validity
Mean  SD heart rate was 129  24 and 139  20 beats per minute after performing the 6MWT and the ST, respectively, which constitutes a percentage of predicted maximal heart frequency of 74%  13% and 79%  10%. The Borg rating of perceived exertion for the 6MWT was 12  2.
The 6MWT, the ST, the 30sSTS, and the hand-grip test all showed moderate correlation (greater than 0.40) with corresponding laboratory-based tests; however, the 6MWT and the ST also showed moderate correlations (greater than 0.40) with noncorresponding laboratory-based tests (TABLE 5). The hand-grip test was highly associated with muscle strength in the quadriceps, explaining between 50% and 58% of the variance. Both the 6MWT and the ST showed correlations greater than or equal to 0.57 with heart rate after the tests (TABLE 5). Additional analyses showed that the 6MWT and the ST explained 17% and 19%, respectively, of the variance in estimated VO-2 max (Åstrand test). When adjusting for heart rate, the explained variance of VO-2 max increased to 35% for the 6MWT but was not influenced for the ST. The only significant differences in performance between patients with low to moderate and patients with high physical activity levels were found for the 6MWT and the 30sSTS test (TABLE 6).
All items of the physical fitness questionnaire showed moderate correlations (greater than 0.40) (TABLE 5) with at least 1 of the corresponding clinical field tests (FIGURE 1). All items also showed significant difference in scoring between patients reporting high physical activity levels and patients reporting moderate to low physical activity levels (TABLE 6).
The results of the a priori hypotheses are shown in included), whereas all other clinical field tests took less than 3 minutes to complete. The physical fitness questionnaire took about a minute to complete, with 19% of the participants needing assistance at the initial test and 7% at retest. Altogether, the clinical field tests and the physical fitness questionnaire took about 15 minutes to complete at the initial test, whereas the time was reduced to 13 minutes at retest.
DISCUSSION
T he results of this study showed that the 6MWT, the hand-grip test, and the physical fitness questionnaire displayed acceptable validity and reliability in patients with various MSCs. The 30sSTS test only displayed acceptable validity, the ST only showed accept-able reliability, and the FTF test showed neither acceptable reliability nor validity. All measures showed acceptable feasibility for use in a clinical practice.
The importance of using standardized measures in physiotherapy practice has been recognized; however, in busy physiotherapy clinics, measurement tools have to be easy to administer and not too time consuming. 31 Gold standard tests based on sophisticated and expensive equipment are not viable, but simple clinical field tests may be used as a substitute for these tests. 2 However, a larger degree of inaccuracy must be expected with the use of clinical field tests. The findings of the present study indicate that the 6MWT, the hand-grip test, and the physical fitness questionnaire are reliable and valid measures that should be included in a core set evalu-ating the different aspects of healthrelated physical fitness in patients with various MSCs.
The absolute reliability, presented as measurement error and reported in the actual scale unit, is more clinically useful than the relative reliability. The 6MWT, the ST, the hand-grip test, and the physical fitness questionnaire displayed measurement errors of 49 m, 8 seconds, 4 kg, and 2 points, respectively, indicating that improvements or deteriorations exceeding these values are needed to distinguish a true change from the measurement error.
The 30sSTS and the FTF, however, showed measurement errors of 4 STSs and an almost 9-cm fingertip-to-floor distance. A measurement error of 4 STSs is higher than that presented in previous studies, 20 participants in our study, resulting in a higher mean number of STSs. Accordingly, we would expect a decreased measurement error in participants with fewer STSs, which was confirmed in our analyses. With higher accuracy in patients with lower capacity, this test may be most suitable for older adults.
Neither absolute reliability nor construct validity of the FTF test was found to be acceptable in the present study, indicating that the test has poor method-ological qualities for use in patients with varying MSCs. However, the test has been reported to be appropriate in patients with more specific MSCs, that is, patients with back pain. 47 The 6MWT, the hand-grip test, and [ research report ] the 30sSTS and the physical fitness questionnaire all showed acceptable construct validity, confirming at least 2 of 3 of the a priori hypotheses. Our findings showed that the 6MWT could serve as an acceptable measure of cardiorespiratory endurance, but the test also correlated moderately with muscle strength and muscle endurance, underlining the typical characteristics of field tests, namely, reflecting a combination of several physical dimensions. However, reporting heart rate after the 6MWT is recommended to enhance the interpretation of the test as a measure of cardiorespiratory endurance.
The hand-grip test showed high correlation, whereas the 30sSTS only showed moderate correlation, with the laboratory-based test measuring muscle strength/ endurance. A possible explanation may be that the 30sSTS is a multidimensional measure possibly involving other aspects than just muscle strength or muscle endurance. 36 In line with previous studies, we found a high correlation between grip strength and quadriceps strength, indicating that grip strength might be used as a measure of total body strength. 8 Given the higher accuracy of the handgrip test compared to the 30sSTS test, the hand-grip test might be a more suitable measure of general muscle strength in patients with various MSCs.
The ST was previously found to be a measure of both aerobic capacity 12 and muscle strength 44 ; therefore, the a priori hypotheses of divergent and convergent validity in our study might have been too ambitious. Although not fulfilling the acceptable number of hypotheses, the ST may still be a functional test measuring several aspects of physical fitness in patients with various MSCs.
Moderate correlations were found between the different items in the physical fitness questionnaire and the corresponding clinical field tests (adjusted for age and gender) (FIGURE 1) . The only exception was the hand-grip test, possibly indicating that perceived strength for most people is more associated with lower-limb strength than upper-limb strength. The different items of the physical fitness questionnaire all showed acceptable construct validity, and the questionnaire may be a feasible method for measuring and monitoring the different aspects of health-related physical fitness in patients with MSCs.
The mean time to complete all measures included in this study was approximately 15 minutes, including standardized instructions but not the rest periods between tests. Taking into account that, for most patients, only a selection of tests will be used, the time consumed must be considered acceptable. Although some assistance was needed for completion of the physical fitness questionnaire, this was within acceptable limits.
Although the laboratory-based tests are well known and extensively used, some limitation in using them should be mentioned. The analyses might have been hampered by the uncertainty regarding estimation of VO2 max using a submaximal test as well as correlating walking or running tests to a cycle ergometer test. In addition, the measurement properties depend on the population in question, and, even if the CYBEX and the Åstrand tests are valid for specific diagnoses, the applicability for patients with various types of MSCs is unclear.
A surprising finding in this study was that 32% of the patients reported change in their physical fitness at just 1 week, indicating that MSCs are constantly fluctuating conditions influencing the patients' perception of their fitness level. However, because a reliability study assesses the degree of measurement error in a measure and not changes in the construct, only patients with stable conditions were included in the analyses of reliability. 15, 37 Nevertheless, patients reporting to be unchanged from one week to the next still showed a significant change in performance for most of the clinical field tests, indicating the presence of a learning effect in the tests. 27 The measurement error found in the present study, therefore, ac-counts for a combination of the measurement error in the tests and the learning effect of such tests.
Men and women were not equally represented in this study, and this could threaten the generalizability of the findings. However, MSCs are shown to be more prevalent in women, 26 and a previous study found that 70% of the patients in outpatient physiotherapy clinics were women. 51 Thus, the results of the present study are probably representative of the patients seeking treatment for MSCs in outpatient physiotherapy clinics.
CONCLUSION T
he ST, the 30sSTS test, and the FTF test showed varying measurement properties in this heterogeneous group of patients, and further studies are needed to examine the usefulness of these measures for subgroups of patients. In contrast, the 6MWT, the hand-grip test, and the physical fitness questionnaire showed acceptable validity and reliability and are recommended to constitute a core set of measures assessing health-related physical fitness in patients with varying MSCs. t
KEY POINTS
FINDINGS: The 6MWT, the hand-grip test, and the physical fitness questionnaire showed acceptable methodological qualities for use in physiotherapy practice in patients with various MSCs. IMPLICATIONS: The present study shows that the 6MWT, the hand-grip test, and the physical fitness questionnaire can be included in a core set of measures evaluating different aspects of health-related physical fitness in patients with various MSCs. CAUTION: Clinical field tests and patientreported measures are less accurate than laboratory-based tests but can be used in clinical practice.
ACKNOWLEDGEMENTS:
We want to thank the patients participating in the study and the physiotherapists recruiting them.
